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7YSIVE lahoratory arid clinical investigation during the past I O  Ycill's ExT!A h,is led to recognition of the frequent scgnicntal nature of' atlic~i*osclerot ic. 
occlusive lesioiis in  patients with clironic aiterial insnfficiency of tlir lo\vc~ ex- 
trciiiitics arid development of tccliniqucs to  attack these lesioris directly. Sevcral 
procedures ' - { ,  F , - i  utilizing a variety of arterial rcplaccnients in tl ic trcatliimt of 
this disease have evolved since t he cai*Iy 1voik  of cios Saritos.' with cr ic lar tc-  

rcctoin>*. "lie high perccntagc of' good initial residts ohtained l y  continuctl i n -  
provenlent in technique arid incimsing surgical expcricncc has led to trr>iltlncllt 
of iiiariy patients with occlnsivc lesions of tlic aorta arid iliac, f ~ ~ ~ i o i * a l ,  alltl 
popliteal artcries by rcconstriictive operations during the past 6 y c i ~ r s . ~ ,  ' 3  5 ,  (' 

dlthougli pnlsatile blood flow in the artcyial lied distal to the orclusiori has 1)rcii 

imtortd and SJ mptoiiis of arterial insnfficiency Iiavc hccn rclievctl in most p a -  
ticwts, long-term postoperati] e observiitioii has 1 ~ 1 1  caled ;I significant nuriilwr of 
i*cciii~ciit difficulties Oiir experimcc with this piwhlem in t l l c  trcat tiicrit 

of 1,225 patients with occlusive lesions of the distal aorta, and iliac., f(~r i io1~a1,  i i i it l  

j,opliteal arteries during the last 6 yea1-s was rcvic\vcd in an  attempt to ~ ~ . i i I i i a t t ~  
this forin of therapy to disco\ ~r possihle caansati\ c twhnical sni*gical factoi-s, and 
to crall~ilte the therapeutic 11icasllres wiployed for recurimt ocrliision. 

\fccttc~nr, ont7 tlrc Siiiqrc s of the J ( . f f o s o n  l )ul~ls ,  .If( t l f od l s t ,  tr1rel 

i, li 

CI,IXIC.IL, 11 \wmr-u, 
7'he leiion\ ~ e i e  locate(1 in  the  llistal :iolt:t : r n d  111:rc. aiteries ill 6.37 of the 1,225 

patient; arid in the femoral and  popliteal arteries 111 . i Y i .  The iridic:rtions fo r  operation 
r e r e  rest pain or  internli t tent claudication (which mas freiliiently (1i~al)l ing) i n  SO pet 
cent of the  patients a n d  i n  t h e  reni:nriinq 20 per cent cutaneous lesions that pow1  a i l  

imrncdiato threa t  to  life. Pa t ien ts  v e r e  v l c c t r d  f o r  oper:rtion o i i  the 1Mbi5 of ol 'eiati\ e 
risk and demonstration of locali/cd di5eaYe. The technique arid iiiiliietliate results of 
operation eInplo>ed in  these case5 vaiied a i t h  the  location and  ex ten t  o f  the diseaw anel 
the qnali tv of the arterial replacenlent ax ailaljle at the t imc of t1eatnlc.nt a$  inciicatml 1 1 1  

the folium ing discussion. 

Aottodiac Occl~csion.--Leiioiib of the  aoitoiliac region \ \e le  t i ea ted  l) \-  thrCJlnh- 
endnrterectoniy, excision and  g ra f t  replacement, excision and g ra f t  replacenrent conibineil 
u i th  liypass, or liypass graft alone (Tal& I). ,\lmost all of tlir carlicr patii~iits in the 
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series mere treated by excision and g ra f t  replncemciit . Later,  selection of tlie procedure 
to \)e einplojed depended upon the  nature and  extent of the  occlusive process. Thus, a 
well-localized procoss associated with ininitrial medial in~i ra l  invrilvemcnt was treated ljy 
t l iromboentlarterectom~. J,ocalizect lesions with inore c:xtc~ii.~ivo  tied dial and :idventitial i i i -  

volveinent \rere excised atid continuity w a s  restoretl 11y graft  replacement. 1,ocalized 
lesions m-itli extensive distal irivolvernent were treated 11y excision with g ra f t  replace- 
inen t and bypass. Under these cireumst:inces the iliac segmonts of the aortic bifurcat ion 
g ra f t  Tvere brought down and anastomosed end-to-side to  :L patent segment of 1 he distal 
arterial  lied, such as the  external iliac, femoral, or  even the  popliteal xrtcr:. The h>-p:‘ss 
procedure without resection or  endarterecton~y was employed fo r  extensive occlusive 
lcsions involving the  t1ist:Ll aorta extending  r ell into tho external iliac arteries. I n  most, 
of tliese cases aort ofernoral Iiypass m a s  performetl, hut in some, I)ecause of associated seg- 
mental occliision in  tlie superficial femoral artery,  it- w a s  rioccssary t o  extcnrl the bypass 
to  tlie popliteal artery.  An iniport~tnt consideration in tliese la t i  er c:ises is tlie fac t  that  
tlrc profrin(1n fenloris, along Tvifli a siiia11 segiiient of the co~ i rn ion  femoral a r te ry  oppositv 
its opening, is usually patent.  I n  order t o  improvc circulation in the tissues slipplied 11,v 
the profnnila femoris and to provide additional rliiioff fo r  t h e  :tortic graft,, sicle-to- 
anastomosis was performed between the  g ra f t  ant1 tlie patcint segment of t l io  conininn 
femoral artery immediately opposite the opening of the profunda femoris :IS well :IS I N -  
tween tlie g ra f t  ani1 the  popliteal artery.  



The results of operative correction of aortoiliac occlusion were classified as success- 
ful  only if pulses were restored. Failures included p:ttients \vho died arid those in ~ I I O I I I  
distal arterial  pulsations could not be denionstrated o r  \vho su1)secluently r(i(liiired : i t i r l l ~ i t : i -  

tion even though sollie iinpro\-wnent 11iay h a r e  occurred a f te r  ope ratio^^. OIL the  basis of 
these criteria reconstructi~-e operation was succ t i l  i n  06 per cent  of tile c'iiws (T:11llt,s 
1 and 11). The results of operatioit vnriell so  That xvitli the  type of g raf t  c1ti1plo)-e(1, 
ranging f rom 9 2  per cent ininiediate s~iccess \\it11 hornografts to  9s pcr  ecnt bvitli t h e  n e \ ~ c ~  
Ilacron tubes (Table 11). There Xvere 16 operative dcatlis (2.5 per cclnt) in the en t i r r  
series. Coronary thrornbosis caiisc~l dea th  in  $1 l'atieilts, retial fxi luro aJrd uremia i ii 1, 
secondary hemorrhage in  2 ,  ant1 pulirioriary cmbolisin in  one. In t h e  reni:tiiiitig 1i:ttients 
eiLr1y failure W:IS due t o  csterisive occlusive (1isc:ise in  the peripheral arterial l ~ d  p u -  
clucling direct surgical a t tack  in th i s  region. 
sary in 7 of these, all of  wliorrr  had aerero isc.lietnic changes assoviated with g:ingrcne bc- 
fore operation. Particularly noteivortliy is  the f a c t  tli:tt c i r cu la t io~~  iti tile ol'lmsitc cs-  

troniit?- was improved in  all of these patients. 

Aniputatioir of an extremity 1)c:c:irne n(' 

E 1 ~ ~ i l 0 ~ o p 0 p l i t ~ ~ Z  Occlrision-In an xttenipt to rest or(, iiiiiiirdiate distal p i i h t i l e  cirvii~ 
iation iri patients m-ith occli~sive lesions of the  fernor:il antl popliteal arteries, thrombi,- 
endarterectomy, excision and g ra f t  replacement, or  entl-to-side bypass g ra f t  W:LS eniploycil 
(I].'al)le 111). Iliiring oiir early experience these Icsions wrre iisually t i~c~:~lwl  1))- e:itl:irter- 
ei:toniy or  excision :mil graf t  rcplacenicnt. Tl!ese 1)roceiliires n.erc soot i  :ilmost coiripletel>. 
:Il)andonetl i n  favor  of bypass graf t ing  since they were ociatetl with relati\-ply Iiigli 
morbidity and  failure rates, presumably bocause of the ext i r e  nature of t h e  procediires, 
t ho  tirstrwtiotr of collateral clr:inncls, and lho  f r tyueri t  int~oruplc~tc rcmov:il of tlic cc~cliisivc~ 
tlisease. More recently, endarterectomy has been performed only if the  disease is \\-ell 
localized to  a short  segment of artery. The occlusive process 
iisiially involved long segments of the  feinoropopliteal artery.  End-to-side I J ~ ~ S S  graft 
was thus considered the procedure of choice in 91 per cent of the  cases. TIL 
IJ~~:LSS gra f t  exteritled proximally f rom the common femoral : d e r ? .  ~vliieh 
volred by the  occlusive pro ' t o  t h e  patent, popliteal a r te ry  distal  to  the  
operation was performed through t w o  sn~all separate incisions which \vore conncctcd hy 
:i tunnel made by blunt dissection. 
 ere reconstitntecl freeze-dried :Lvtcrial hornografts, t u l m  irrade of conipre 
sponge, braided nylon t i i lxs (Edwards-Tapp), and flexible kni t ted  Dacron tubes (Tal)lr  
I V ) .  These substances were employed during the  same periods f o r  reasons prerious1:- 
described in the  treatment of aortoiliac occlusion. The Dacron tube was the  most s:rtisfao- 
tory and was used in  356 patients or  61 per cent of the  entire series. 

Excision is n o  longer done. 

Among the substances itsetl f o r  vascular 

Distal pulsatile circulation was maintained until  a f t e r  discharge from the Iiospit a1 

i n  515 (88 per cent) of the SS7 patients x-ith lesions at this level (Table 111). The itici- 
dence and successful results varied somewhat with the  type of procedure arid vascBiil:ir 

replacement emplojed. Fo r  example, only 20 of the  29 patients (69 per cent) treated by 



endarterectonij-, and 16 of the  I!) patients ($4 per (*elit) who liad excision and graf t  N- 
placement had successful restoration of circulation. (3rculation was restore(1 in 479 of 
tlie 539 patients ( 8 0  per cent) treated by eiicl-to-side bypass. Operation w a s  iirisucccssful 
i n  all 6 patients i n  whom a11 I\-alon tulle was used i i i  the  bypass graft .  Circulation \ v a s  
rcstoreil i n  85 per cent of patients i n  whoiri homografts w c r c  erriploycil atid 86 per c r t i t  
of those in whom the Eklwartls-Tapp tube was inserteil. The best rcsults ivcre o1)tairied 
wit,li t he  Dacron 1)-pass g ra f t ;  restoration of circulation was successful in 226 of the  35 f i  
patients (91 per cent.) in whoni this material \vas cmployctl. hlrtjor anlpntat ion was 
quired i n  11 of the  failures (2 per cent) and .? patients (lied. 

Failnre T ~ B S  due to the extrnsive nature of the tlisease in most instances; lio\vever. 
the extent t o  which th i s  led t o  early failure was related to  the  type of procedure e n -  
ployed. For  example, failure occurred in operable cases (by current standards) in tlii. 
rarl ier c a w s  of enrlarterectoiriy ancl excisiori anll g ra f t  rrplacement. 1)nririg this perioll. 
oprration frcqucntly consisted of rcwxtion or cnt1:trtcrcctoiiiy lin~itcil to the rcLyion of nixjor 
occlusion without regard for obstructing lesions proxiirixl : ~ n d  distal t,o the opikr:itive s i tc .  
1 liese partial occlusions were frequently significaut, c*ausiiig wt:ml:ition o f  lilood flow in 
the region of operatioil, early thrornliosis, and  failiirc (Fig. 1).  I n  more recent  cases in 
which operation failed, the  disease was dif‘use, Iieing ociated with partially o1)structe~l 
tlistal segnirrits and secondary occlusion i n  the  l o \ v ~ r  leg Iwyontl the presrnt W ( J ~ E  of 
()pe ratio 11. 

r 3  

&ZETIIOD O F  RTUDT 

AIost of the patients iu this series liavo beeri followed siiice clisc,harge f r o m  the 
hospital by personal exmiination and the others by corrcspoiillence with the patient, his 
family, or his phJ-sician. IMicul ty  relating to  the  circulation of t,he lowcr estreriiities 
recurred f r o m  one week to 66 months a f t c r  discharge f r o m  the hospital in 38 of the  ( i l l  
liatierits (6.3 per cent) wi th  aortoiliac occlusion and 109 of the 515 (21 per cent) with 
feiiioropopliteal occlusion in  whom operation hat1 been initially successful. Of these 147 
late failures, 181 were studied, :3S with aortoiliac : i t id  S3 m.it,li fetiioro~Jo~J1iteal rwurrent  
~lifficnlty. 3ngiograms made before the original operation aud patieri ts’ charts, inclutlitig 
diagramiiiatic sketches of the operative techniclue rniI)lo?-e~l, ~2.er.e av:tilal)le in :ill cascls. 
.4ngiograms made a f t e r  failure were availal)le i n  105 cases a n t 1  similar studies per 
serially before operat,ion ancl before atid a f t e r  late failure were avai1:al)le for  a t ~ i ~ l  

35 eases. 
failure were also analyzed arid correlated with the other studies. 

Finally, the  operative findings in 1 0 0  cases suhrilitted t o  rroperation f o r  lattr 

RESIJLTS OB’ S’PLJDY 

The incidence, ctiologjr, arid rate of latc fa i luiw L a r i d  with the location 
of the original lesion, the period during which opelation was pcrformed, the 
pyocednre employed, arid the tj-pe of inatciial used for  graft replacerncnt. Thc 
incidcnce of recuri*cnt difficulty was more than t h i w  times greater in patients 
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with femoropopliteal lesions than in those with occlusion of the aortoiliac seg- 
ment. This extreme difference justifies division of the problem again into these 
two groups for purposes of discussion. 

Aortoilinc Lesions.-Thc late failures in the 38 patients in  whom recon- 
structive operations had been successful initially for atherosclerotic occlusive 
disease of the aortoiliac segment were due to a variety of late complications 
(Tables V and VI) .  Failure was due to devcloprnent of false aneurysm a t  the 
site of distal anastomosis in 3 (7 pcr cent), ei*osion between the graft site and 
duodenum in 6 (16 per  cent), aneurysmal deterioration of the graf t  in 2 (5 per  
cent), and recurrent obstruction in 27 cases (71 per  cent) (Figs. 2 and 3 ) .  The 
latter complication was due to kinking of the graft in 3 (7  per  ccnt) ,  presence o f  
distal disease p reope ra t id?  in  10 (26 per cent) ,  and progwssive narrowing and 

Fig. 1.-Photographs illustrating immediate operative failure because of distal occlusive 
disease. A ,  Prcoperalive arteriogram showing distal occlusive discase ( in @rackets) .  B, Arterio- 
gram made immediately after removal of thrombus from graft again showing distal occlusion 
which caused obstruction am1 thrombosis. C ,  Arteriogram made after endarterectomy and 
Patch graft closure of arterial incision permitting good outflow and eventual success of opera- 
tion. 

ercntual thronibosis in 5 (13 pcr  cent) in whoni anastomotic narrowing had  been 
present from tlic time of the original operation (Fig. 3 ) .  Tlie cause of recurrent 
obstruction in the remaining 9 patients (24 per cent) was not entirely clear; 
however, correlation of the observations a t  reoperation with the aortograrns made 
hefore the original operation arid after failure suggested that  obstruction was 
due to distal disease in  the external iliac aiteries orerlooked a t  the time of opera- 
tion. The interval betwecn operation and late failure ranged from 1 to 52 
months (Table V)  . Although this intervd did not vary significantly with the 
complication causing failure, the longest period of temporary function was in  the 
patients in whom recurrent obstruction dcveloped from progression of untreated 
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disease. The first 2 years after operation were the most critical from the stand- 
point of recurl-cnt difficulty, 69 per cent of the coinplications de\doped clii~ing 
this time. The incidence of recurrences after 2 years was irdeccl small. 

The incidence of failure yaried with the type of procetlnre pcrCormcc1 ;ind 
the material employed as the \ ascnlar replacement. F o r  esnniplc, latc f a i l n i * c b  

Fig. 2.----iortograirr and femoral arteriogranis macle 2 1  months after aortic excision and 
replacerrlent xvith bypass graft  of braided nylon, showing false aneurysms (arrows)  at suture 
line between graf t  and common fcnioral arteries. 

Fig. 3.-Photographs illustrating progressive nai rowing at anastoinotic site af ter  excision 
and replacement with homograft. A ,  I’reoperative aortogram showing Complete occlusion of 
distal aorta. B, Aortogram 30 months after operation showing stenosis ( a ~ r o w s )  in region of 
anastomosis. G, Aortogram 54  months af ter  operation showing progression of obstruction. 
complete on right and incomplete on left. 
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A\ortoduodcnal fistula 6 
. iiiciityni of graf t  2 
False ancurysm 3 
Kiiilied graft 3 
Distal disease 10 
R~r rowc i l  anastomosis 5 
Iiwurrent ol)striict. ion 
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pathologic process, the late failure rate from distal disease was significantly re- 
duced. However, certain physical characteristics of the vascular replacement 
resulting from its method of construction introduced other factors that  led to 
a relatively high incidence of late failure. Flexibility was sacrificed and fraying 
of the cut ends o f  the graft prevented precise anastomosis. These limitations, 
inheimt in this type of replacement, resulted in development of false aneurysm 
and obstruction from kinking of the graft  (Table V l ) .  Introduction of the 
crimped knitted Dacron tubc increased flexibility and eliminated fraying and its 
associated production of false aneurysm. Application of tlie Dacron tubc in 
most of tlie recent cases as a bypass graft extending Trom the aorta to the com- 
mon femoral arteries decreased the possibilities of ovrrlooking distal iliac disease 
which would later lead to recurrent obstruction. Consideration of these factors 
resulted in a higher incidcnce of long-term function with use of the 1)acron 
tube t l ian  with tlie other i*cplacements. 

Fig. 4.--I’hotograph at second operation demonstrating aneurysm of femoral segment 
of aortoiliofornoral hornomaft  ( A  ) ernploycri a s  aortofernoral bypass. occurring 3 6  months 
af t r r  first operation. I<. Superficial fcxmoral artery. C ,  Common femoral artery. 

The ~ ~ u i * r e n t  lesion in  all cases in this scyics was scgrncntal arid 36 patients 
~verc’ woperated upoii. The indications for rcoperation were aortoduodenal 
fistnla in 5, falsr aneui*j--sin in 3, aneuq-srri of the graft  in 2, and rrcurrcnt 
obstruction in 26 cases. One patient with recurrent obstruction declined opera- 
tion and one patient with aortoduodenal fistula d i d  bcforc operation could lw 
pcr.for.mcd. The operatirc proccdurc employed in these cases varied witli tlic 
lesion. The false aneurysms and the aneurysms involving the fcmoral segments 
of aortofemoral bypass grafts were located in the inguinal region. These lesions 
were excised and replaced with braided nylon tubes sutured proximally to the  
elid of the previous g i ~ l t  arid distally to the femoral artery at the site of the 
previous anastornosis. All patients with recurrent obstruction were treated by 
tlic bypass principle. The proximal end of the tube was sutured to the side of 
the aorta above the obstruction and previous site of operation in 25 cases. In 
the remaining case the partially obstructed homograft was excised and replaced 
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by a Dacron tube. The distal ends of the tubes in all cases were brought down 
and attached by end-to-side anastomosis to a patent segment of the distal arterial 
bed. In 20 cases i t  was possible to apply the procedure as  an  aortofeinoral by- 
pass. I n  6 cases, however, i t  was necessary to extend the bypass to the popliteal 
artery because of secondary disease of the superficial femoral artery. In the 
latter cases side-to-side anastomosis was made between the patent comnion 
femoral artery and graft for reasons previously described. 

Treatment of aortoduodenal fistula presented special problems concerning 
primarily the diagnosis, control of hemorrhage during operation, and managc- 
mcnt of an infected graft  site. The diagnosis was suggested by the history of 
an aortic graft operation antl by the symptoms. The predominant symptom was 
intcrmittcnt upper gastrointestinal hemorrhage. The bleeding episodes were 
mild to severe, occnrring over a period of hours to 4 days. An estremclj- im- 
portant characteristic of the bleeding was the fact that  tliesc patients did not 
have symptoms of other lesions commonly associated with gastrointestinal 
liemorrliage, namely, peptic ulcer, esophageal I ariccs, and hiatal licrnia. In- 
mediate exsanguination fortunately did not occur in 5 patients, so that, the opc~*;i- 
tiori necessary for 110th diagnosis and treatment could be perforiwd. BW~LISP of 
tlic intimate adherence of the duodenum to the graft  sitc, tlie diagnosis was not 
obvious from simple exploration of the abdominal cavity. The fistula arid site 
of bleeding could be demonstrated only by separating the tluodcnnm from the 
aortic graft. To control hemorrliage during operation circulation througli tlic 
abdominal aorta was temporarily aiwsted by placing i l  clamp across the uppel- 
abdominal aorta in the hiatus of the diaphragm. A segment of aorta was tlicn 
exposed bct\l-ccn the renal arteries and the graft  site. A clamp was plactd 
iicross the aorta a t  this level and tlie other clamp was removed. With circulation 
niaintajnetl to the abdominal viscera and arrested in the region of opwation. 
the previously inserted grafts were removed. In 3 patients aortoduodenal fistula 
occurred 12 to 26 months after insertion of a homograft to replace tlic distal 
abdoniinal aorta as a result of crosion by false aneurysm. E’alsc aneui*ysm x i \  

clue to dcgcncration of tlie g r a f t  in the region of an imabsorhcd unorganiscd 
collccation of finid bctween the duodenurn and graft. Infection l \ r i l s  not prpstiit 
in these cases j consequently, the duodenal dcfcct was closed by .;imple sntn1sc 
and aortic continnity was iwtorcd by insertion of a II(W graft. Infection and 
abscess had caused crosion into the duodenum and the suture line in 2 patients 
in  whom synthetic tubes (Dacron in one and braided nylon in the other) llirtl 
been inserted as aortofernoral bypasses. Llortic continuity was not rcstorecl j i i  

these cases because of fear of recurrent inf cction and secondary hcmorrhir gel. 

The aorta was ligated by suture abovc helow the region of ariastoniosis antl 
tlie femoral arterial defects were closed hy simple suture. Recurrence of fistula 
was prevented by suturing the omentimi between the duodenum and aorta. 

The results of reoperation were extrenic~ly satisfactory (Tablcs I, 11, and V’, . 
Normal peripheral circulation was i~s to red  in 33 of the 36 cases ( 9 1  per cent). 
A distal pulsatile circulation was not restored in the 2 patients in whom aortic 
continuity was not wstored after removal of infected synthetic tubes. One o F 
the iliac arteries was incompletely obstru.uctcd bcforv operation in one of th 



patients and co1latcr;il circulation was insufficiently de\ eloped to pre\ ent aiiipu- 
tatioii on this side. Circulatioii in the other three extremities of tlicsc patients 
was adequate at  rest. Death from massive ~~ t rope r i tonca l  anaerobic infection 
o c ~ ~ r r c d  in  one patient who was reopera in of the fciliorill 
segment of an  aortofemoral homograft bypa 

E ' e n i o r o p o p l i t ~ d  OccZusio~zs.--E'ailure occurred after successi'id reconstrav- 
ti\-e operation in  109 of thc 515 patients (21  per cent) with fenioropopliteal 
occlusions. Altliougli tlic period of fuiictiori in these cases ranged lrom 3 u cclis 
to  56 iiiontlis, most failures occurred within tlie first J c a r  (E'ig. 5 ) .  Tlic inci- 
dcricc of reeui'rent difficulty varied significantly w it11 the extent of tiit. lesion, 
the type of procedwc, a id  tlic niaterial einployecl as a vascular replxeincnt iii 
1 lie operation (Tables I11 arid 1 V )  . The best 1orig-tci.iii results w(w o1)tainetl 
with endarterectoriq-, limited to short, discrete, well-localizetl lesions; failiir(1 

employcl in  tlie iiiost aclvaiwcd and o\tcnsii e Icsioiis, late difficulty occni*rctl 
nly 9:' of the 479 cases (20 pel. cent) .  The pooiwt  results ~ v e r c  obtainctl i i i  

patients who had excision arid arterial rcplaceinciit ; f'ai1ui.c occiirred in all (1s- 
ccpt 2 of these. The infliicncc of the graft  inateriaI 011 the long-tem i'csnlts is 
tlcinonstrated bj- the fact that f;iilurc occurrcd in 5% pei. cent of tlic patients nitli 
lioitiograI'ts, 32 per cent with the braided nylon lMivards-Tapy tube, and 1 I 
per cent with the flexibk, knitted, Dacron tube. Althongh t1iei.c has htwi prwtcr 
opportunitj- to observe the long-term i'unctioiial wsults of homografts am1 nyloit 
tubes than I_)a(~o11 tubes, the length of' follow-np docs not a p y c a ~  to  be tlic 111 

inipo~taiit factor leading to diffcrenms in late i'nilnrc. F o r  e x ; m p l ~ ,  anal? 
ol' a coinparahlc series of' patients followed I'roni 18 to 30 montlis i ~ \ e a l s  i i  

< i ~ i i i f i ( w i ~  diffei+mc~e i11 the p w c ~ n t a g e  of s~ic~ccssfnl long-teivn i*csnlts (Fig. 6 ) .  - K N I T T E D  DACRON 
8---- ' !---0 BRAIDED NYLON 
X- - -X- - -X ARTERIAL HOMOGRAFTS 
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T I L  i ft,it< of gi.ift t n i l u i ~  .iftei opt r,ition foi femoropoplitral oc( luwon,  coinp:ti I ~ F ;  f n n r -  
tion LI r r su l t s  of U d r ~ o n  tub( h, n>lon tllbes, <in11 hornoglafts 

, i t  tlie end of 18 to  23; months 75 per  cent of the Ihc ron  tubes were still 
€imctioiiing in contrast to 64 per cent of the nylon tubes and 60 per cent of 
tlic homogmfts. Similarly, study of the differences in  the m t e  of failure incli- 
cates that all failures with Daci-on tubes occurred during the first 18 months 
;tiid that  good function was obtained in all cases during the next 12 months 
(Fig. 5).  On the contrary, a sinall but significant pcrcentage of the nylon grafts 
and homografts continued to  fail in  subsequent months, the rate being greater 
with hoinogi-afts, despite thc fact that most late failures occurred during the 
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first 24 months. The nature and incidence of the complications leading to 
faillire, as will be described later, mere also related to  the type of operation 
perlormecl and the rriaterial employed as tlic graft. 

Of the 109 patients with recurrent difficulty after successful reconstrnctire 
operation for  Yenioropopliteal occlubioiis, 20 did not retuim fo r  cxaniiiiation. 
Failure 01 operation was confirmed by examination in 89 patients with arteri- 
ography in  83 (76 per cent) which included 2 patients ~ 7 1 1 0  had endarterectoniy, 
4 who had excision and g w f t  replacement with homograft, and 77 who had the 
bypasr graft procedure (homograft in 17, braided nylon tube in 26, and Dacron 
tube in  34 cases). Artcriograrns niacle before operation and after failure were 
arailablc in 57 cases, and serial arteriogvams made before operation and bel'orc 
and after fai1ni.c were available in  the remaining 26 cases. These studies T V C ~ C  

analyact and c o ~ ~ e l a t c d  with other available information snch as that obtained 
from mopcration. Keoperation, hou ever, although infoimativc in sonic cases, 
did not reveal as inucli information a s  desired rcgarding rccurwnt occliisioris. 
For cxaiiiple, operation in patients with recurrent ohstrnction fi-eqnently con- 
sisted 01' b-pass  graf t  extending both proximal and distal to the previous opera- 
tion without exposing tlic latter. This approach oftcn did riot pcimit opeixt iw 
confirmation o C the caiisc of recurrent obstruction. 
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Fig 6 -1nnnecliate and long-term results according to vascular replacement after operation 
for frinor opopliteal occlusion 

The complication leading to failure mas reasonably obvious in most instarices 
(Table VI I )  . ltecurrcnt difficulty was due to certain technical siirgical factors 
i n  47 paticnts (57 per cent), and the underlying disease in  36 (43 per cent). 
Occlusive lesioiis causing rccurrent obstixiction were present in the wssels 
proximal to  the region of operation in 11 patients and distal to the previoiiq 
operatire site i n  23 patients. This complication was responsible for failure iii 
all 6 of tlie pwticwts in 11-110111 excision and homograft replacement or endarter- 
cctoiii?- Iiad hccn perl'oriiied (Fig. 7 )  . Thcse procedures were employed early 
in our  experience d e n  the significance of minimal-to-moderate proximal and 
distal disease mas not appreciated. I n  the remaining 30 patients in whom this 
coniplication occurred after the bypass procedure, the proximal and distal dis- 
ease w-as overloolied because of poor quality of the artcriograms leading to im- 
proper perforniance of anastomosis in relationship to the disease. F o r  example, 



Fig. 7. 

Fig. S .  

Fig. i.-A\rteriogrxins iilnde bcfol'e operation (9) showing coniplete obstruction of super- 
ficial fenioral artery, an,l iniriiediately after ( B  ani1 C ) ,  shotving excision :rnd tronlograft 
replacement ( c )  with endarterectomy ( b  and d )  leaving partial obstruction ( a  and e ) ,  
becoming complete ( D )  above the region of operation 5 4  months later. 

Big. X.--A, poor quality aortograni and femoral artrriogram vaguely showing partial 
occlusion of both iliac arteries overlookcd bcforc performing bilateral fernoropopliteal bypass. 
Aortograni made 39  months after operation (6)  and diagram ( C )  showing proximal complete 
occlusion of right iliac artery. partial occlusion of left  iliac artery,  and distal occlusion of both 
grafts except for small segmcnt a t  anaxtomosis on left ( a r ~ o w ) .  Popliteal arteries remain 
unchanged. 
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Fig. S.--Orerlooked proximal partial occlusion of right common femoral ar tery causing 
late occlusion of femoral bypass graft .  A ,  Poor quality preorwrative aortograiu and femoral 
arteriogram vaguely shoiving (nl'l'ow ) partial occlusion of groxirnal segment of common 
femoral a r t r ry  and partial  occlusion of right superficial femoral artery. B ,  Diagram of opera- 
tion showing bypass graf t  employed distal to occlusion (ari.ozu), C ,  Aortograni and femoral 
arteriogram 4 months after operation shon-inp coniplete proximal occlusion of common femoral 
ar tery and distal bypass graft .  Tlistal poplitcal ar tery remains unchange(1. I ) ,  Diagram of 
failure showing occlusions in black. 

t-I I' 

Fie. lO.-Ouerative failure resultinc from uerformance of distal anastoniosis in region 
of disease proxihal to normal patent distal sefment. A ,  Preoperative arteriogram showing 
complete occlusion of distal segment of superficial femoral ar tery with partial occlusion above 
prominent collateral vessel. 6. Arteriogram madc 1 0  months after operation because of persist- 
ent symptoms skion-ing partial  occlusion at anastomotic site from persistent occlusive disease 
not bypassed at opcration. L', Diagram showing outflcw from graf t  partially obstructed by per- 
sistent disease ( i n  hZnck), D .  Arteriogram 1 0  clays after removal of obstruction by  endarterec- 
tomy showing patent ctianncls. E ,  Diagram of operation showing patch w a f t  closure of 
longitudinal incision employed for  cndarterectomy. 
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fcwioral grafts were inserted distal to the iliac occlnsion in some cases, and in 
othci~s the distal anastoniosis was peri’ormed aboic occlusions located in tlic 
ppl i tcal  artcry (Figs. 8-10). 

S i l r W y  
J .l n u,,ry, 1 ‘ihO 

T’.\BLE; 1’1 I. CACSES O P  I A T E  I?AILCFLE ,%CCORI)Ir;G TO ~&1’1~.~2UICiUENT I N  83 CASES Ob’ 
~E31OFLOI’OPLlTEAT~ o( 

~~ - _ _ _ ~  

REPIACEMENT 

J)ncl.o11 0 2 2 11 (i 1 3 31 
Braiiled nylon 

ti 2 8 <I (j 

1 2 8 2 1  
(Edwards-Tapp) 0 6 4 

T-romoglaft 1 0 0 
2 En clart crectomy 0 0 0 1 1 0 

Tot :11 R (i 0 .i I 1  -. 9I) x:i 

) 

___ 

11 --Lrtcriogi anis rriddc 1 month after operation slio\\ inp arter la1 holrlobldft bypass 
\\ ltli minitrial narroning in the pi oximal anastonrosls ( A ) ,  and 36 months a f te r  opelatmn 
shov  Ing  degeneration of homograft and progrc sslon of obstt uction a t  proxltnal dndstornosls (I’ ) 

The wniaining coniplications resulted from causes related to the graf t  in 
liiost instances and T aricd with the type of replacement employed in tlic pw- 
fo~uiance of the bypass procedure. (:raft failure ocrnrrecl in 12 liomogra Etr, 
fusiform aneurysnis occurred in  4, and other complications related to the graft, 
such as dilatation, stricture, and detcrioratinn occurred in  8 cases (Fig. 11 j . 
The cause of gra‘it failure in 18 patients wlio had braided nylon tithes was false 
;incurpni in 6, narrowed anastomosis in 4, and technical difficulties, such as 
twisting and kinking, in 8. Graft failure from this cause occurred in 17 patients 
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~ 1 1 0  had Dacron tubes, false aneurysm in 2, anti inechanisnis related to insertion 
of the tu lx  in  15 cases (Figs. 12-15). 

JIost failures due to causes relating to the graft, such as kinking, twisting, 
deterioration, and iiiechariical difficulties concerned with insertion, were obsel?-cd 
at rcopcratioii or we1-e risualized by serial arteriograrns. In some, however, this 
cmiw 1% a\ tletcriuined f rom studies tha t  did not include actual \ isualimtion of 
the g r a i t  itself. ]<'or example, in some patients whose arteriogranis O€ the 

liecansc. as in tlic proved cases, the arterial cliannels after i'ailnrc appeared uri- 
ellanced arteriographicall-iicallj~ from t h e  preceding operation. This seenied evcrl 
more rcasonable since short segments of the occluded graft could be risualizcd 
after failure in the region of each anastomosis, so that  progression of diseilse am1 
;rn;istoniotic difficulties could be e x l u d e d  as causes of failure (E'ig. 15) . In soii~(' 
patients without serial artcriograms, the distal, previously patent arterial scg- 
inenl wa\ partially or  completely obliterated af ter  failure.. Reoperalion, con- 
sibling of transection of the Dacron bypass near  its origin and insertion, r w i o \  ill 
of frcdi thrombus from tlie patient's vessels through the proximal and distal 
graft scpiiicnts, and insertion of a second bypass graf t  sutured proximally and 
distally to tlie short segments of the old graft, restored circulation a r i d  an 
arterioqrapliic pattern similar to that before the original operation in !I cases 
(Fig. 1 4 )  Failure in these cases was also considered to be due to abnoriiialit> 
of tlic era tt. Thc other cases with similar arteriographic observations not 
explored in this niaiiner were recorded as failures due to estciisiori 01 tli5tal 
disease, i i l t  I'ongli in  reality the graf t  may hare been :it fault. 

Trcatmeiit in the 109 patients with reciirrcnt difficnltj- after fcriioropoplit(1al 
mconstrnctive operation depended upon a number of €actors iriclucling wlictlici- 
or not tlie patient returned fo r  treatment, the extent of symptoms p~ir t ic~i1: i r l~ 
when diffciwit f rom the prcoperatire ones, and  the extent of the occlusive 
p roces .  The indication for thc original operation in these cases  vas intermittent 
claiidication o r  mild-to-riiotlerate yest pain in  92 (84.5 per cent), a n d  severe rest 
pain associated with cntaneons lesions tlireatenirig amputation in 17  patient\ 
(13.5 per  cent) .  Although these symptoms were relieved in  all patients by the 
initial operation, soniemliat diffcwnt syniptoins developed in  every patient after 
reciwcnt obstixction. F o r  example, I-ecurrcnt cutaneous lesions dcreloped in 
only 7 of the 17 patients (41 per cent) who had had this syiiiptoiri hefore opera- 
tion and in only one of the 92 with intermittent claudication. Claudication ancl 
rest pain were worse in  8 of the 92 patients (8 per cent) with this s,vrnptoni 
hefore operation. Peripheral circulation and the symptoms of arterial in- 
sufficiencp were better aftcr an initial period of graf t  function tlian b c f o i ~  
operation in  sonic cases as indicated by this finding in 12 of the 89 patients (13 
per cent ) who returned fo r  esainiriation and trcalment. 

Ampiitation was performed elsewhere in 3 of the 20 patients who did not 
retm'n for examination, and in tlic rcmaindcr peripheral circulation allegedly 
reniained imcliangcd. Most patients, with severe recurrent symptoms or whose 
symptoms became worse, rctiirned as was expected. Of tlic 89 patients cy- 
amined, 83 wcrc studied for the possibilities 01 ii second reconstrnctire operation. 

\ l ~ I l , l ~ ~ r  I 

functioning gral't iverc not available, this was considered the cause of 1. r l l  '1 ure 
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Pig. l2.-Case demonstrating failure from kinking of gralt .  -4, Prcoycratirc arteriogram 
sliowinx extensire complete occlusion of superficial femoral artery. 6, Artcriograrn macle 3 
months after operation showing kinks (arrows) in Dacron graft .  C ,  Diagram showing kinks 
(arrows) and occlusion ( i n  hZack).  TJ, Arteriogram made 1 8  months after operation showing 
occlusion of graf t  and progression. of occlusion into popliteal artery by tllroriibus. E ,  Diagram 
showing method of operation in which old graft is transectml near previous anastomoses and 
new g ra f t  is inscrtctl after removul of proximal and distal thronibus tlirouglr short scgincnts 
of old graft left attached to arteries for new anastomoses. 

Fig. 13.--Casc demonstrating failure from kinking of graft .  A ,  Preoperative artcrio- 
gram showing complete occlusion of superficial femoral artery.  B ,  Diagram of fenioropopliteal 
Dacron g r a t t  bypassing occlusion ( i l t  Black ) .  C .  Arteriogram made 8 months nftri, uiwmtion 
showing occlusion of popliteal artery just ilistal to anastomosis, n. 1)iagrxni slio\\-ing- I);\-pass 
graf t  and occlusion ( i n  b lack) .  ,lrteriograin made a t  operation showing kink just  distal 
to proximal anastomosis of new f t  to  old graft .  P,  Dia#rani showing bypass waft with 
kink and obstruction (in black) .  G. Arteriogram made 3 months af ter  second operation show- 
ing occlusion of second graf t  and pcirsistent patency cf arterial segments. Kefiion of previous 
anastomosis (anozus) is obviously not obstructed. I$, Diagram slrowing obstructed graf t  and 
site of anastomosis (arrows). 
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Fig. 1 4  -.Arteriograms and diagram showing occlusion of superflcial femoral artery ( A  ), 
functioning Dacron bypass graft  1 0  days after operation ( B ) ,  occlusion of graft  and distal 
popliteal artery 3 months aftcr operation ( C ) ,  occlusion ( D )  (in b l a c k ) ,  and new functioning 
bypass graft  insertcrl a f t r r  thrombectomy through distal end of old tube prcscrved for site of 
new anastomosis ( E ) .  

Fig, 16.--A, Arteriogram made before operation showing partial occlusion of superficial 
fcmoral artery. B ,  Arteriogram made after graft  occlusion 1 7  months af ter  bypass graft  
operation shoxving sites of patent anastomoses and unchanged arterial segments indicating 
occlusion resulting from factors related to tube. C ,  Diagram showing occluded tube and 
patent anastomoses. 
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Thcse studies indicated that  tlic lesion rciiiained segmental a i d  amciiable to 
rcconstrncti\ e operation in 72 cases (86 per ccnt) . In tlie rciiiaining 1 1 cases 
the disease had progressed to involve the major par t  of the pre\ ionsly patent 
tlistal segment. Peripheral circulation a t  rest was good in 3 of the latter pa- 
tients; consequently operation was not advised. Sympathectomy was perfornied 
in 2 of tlie patients with diffuse in\ olrenicnt, and, because of tlic nc l r anccd  
Iiaturc of tlic lesion and the severe associated ischcinic changes, a~irpiitat ion as 
performed in 4 patients. Of the 7% patients with seqmeiital lesions, 8 detalinctl 
operation bccaase their syniptoiiis wcre better than before the oiigiiial pi-oc~vlnrc I 
thc remaining 65 had a second operation (Table VI11 ) . 

False aneurysIll 6 5 Y 3 
Alnastomotic narrowing 6 6 100 
Graft  dii% culties 28 '8 100 
I)istal disease 12 8 66 
Proxirn:il discxse 8 97 

3 00 Aiicurysiii of homograft 4 4 
Total 6 4 58 91 

n 

~~~____._ 

The type of secondary rcconstrnctive operation ciiiployecl depeiiclccl ripori 
tlie complication that  produced failure of the original procedure. Anc111 
of the homografts and false aneurysms associated with use 01 -1it1ictii. t i i i l t ~ ~ ~ i a l ~  
were treated by removal of the involved graft arid replacciiient with ;I J ~ C W  graft .  
Kecwrent obstruction was treated by cntl-to-side bypass graft estcndiiig nsnally 
from the proximal aorta, coinnioii iliac artery, o r  (~o~iiiiion fenio~nl  aytery to tlie 
distal popliteal aytcq- bypassing both the discasctl st.giircnt ant1 I'epioii ol' 
prcvionr operation. The popliteal artery was exploiwl in 10 recent p;itieiits who 
were seen soon after graf t  occliision despite the fact that a~teriograinr sliowcd 
the recurrent occlusive process extending beyond tlie rcgioii of pycvions opera- 
tion frequently involving the popliteal artery (Fig. 14).  This exteiision of the 
occlusive process was fonrid to be due to  thrombi. It n-as possible to  renio1c 
the thrombus in 9 patients, arid peripheral pulsatile blood flow n as i m t  orcd hy 
insertion of a new graft. This indicates that  reoperability is not neccssai~ily 
predictable on the basis of arteriogranis and dcnionstratcs the limitations of this 
method of study in the cause of late failure. Operation consisted first of expos- 
ing tlie graft and popliteal artery in the region of the distal anastonio\is. Tlic 
occlndecl graft was then traiisccted 2 em. proximal to tlie anastomosis and th(i 
distal clot was rcinoved from the distal segment of graft. The tlii~oml)i removed 
in this manner were frequently casts of the entire distal popliteal artery. A 
vigorous backflow of blood was obtained in 9 patients, indicating d i s td  patency. 
The femoral artery and upper end of the previous graf t  mere then esposed. The 
graf t  was transected about 2 em. distal to its origin and the tlironihns n-as re 
moved from the small segment of graf t  still attached to the artery. The old 
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grai't was adherent to  the tissues in  the tunnel and conltl no t  be rcmovccl: coli- 
sequcntly, a new graft was insci*ted through a new tnnnel niadc 1):- hluut clis- 
section. The two ends of tlie t i ( v  graft 'e sutured to the ends of the sliort 
segments of the previous graft wliicli ~vc i*  11 attached in  the region of anasto- 
mosis. Postoperatire artcriograiiis s l iomd good fuiictioii of tlic g i ~ f t s  ant1 
Iwtoration of patency of the distal segments of the arteries equal to  that deiiioli- 

strated liefore tlie first operation (Fig. 14) .  The distal tliromhils c~oulcl riot hc 
remo\wl in one patient 1,ecause of tlie org;rnizatiori 1 hat liacl occiirred cliiriiig 
the 5 days I)ct\vccn graft I'ailnre and reo1)ewtioii. This case cloliioiistrai ctl tlicl 
iniportance of tlic tiiiic factor in reoperation of' patients i n  .i+lioin (liYti11 oc~~lusioii 
has bccoiiic cstensiL e because of progi.cssion of the tlironibus. 

I i o  1i:itl 
i.eeurrent partial olistiuction iwul tirig i'roni pi' of tliscase 01 c~rloolit~tl 
at the time ol' the original operation in the. regior istal aiiiistoiiiosis ( Fiq 
10) .  The  distal (.rid of the graft and the poplit(. \\ cr(' tY1)ostJ(l t hl~olloli 

the old inrision. X longitudinal incision was mi distal cntl 01' tlic q ra f t  
a r i d  continued into the popliteal arte1.y for  approxi~iiatel!- :: ciii. IYith tli(1 
occluding lesion t hns exposed, erldi~rtcrct~ti)l~i?- w\-as cai*c~full~- p(xrforiii(~1 i i r i d t , i *  

direct 1 ision by entering the p1.oper clea\-agc plane and rtwio~ itre t l i ~  tliseawcl 
intima. Tlic opening in  the graft  and poplit clovxl with a 1)atc.Ii 
graft to  prevent narrowing and recnrrcrit ob e etlpcs oi' tl1c qrilft 

satnrctl circutiifcrc~itially to the ct1gt.s of iili o17:il- 
itteil Dacron fabric. The ciwuni ference ot' th(1 1 

lar channel in  this region \vas increased hy a distance cqunl to  the 11 ic1tIi 0 1 '  111(1 

patch. 

Enciayt crcetoniy with patch graft \viis pcrfoniicd 011 o ~ i e  piiti~iit 

i'i: Q 

v I O  9 

( 4  

0 T O T A L  CASES 

RECURRENT FAILURE 

I NTE RVAL ( M O N T H S  I 

J?'K lfi.--lhration of function in 5 8  successful cases of feinoropopliteal regiaft. 

The results of reoperation have been entirely satihfilctoia> . A Iioiali i ; l l  

pulsatile blood flow was restored in  58 of thc 64 patients impc.ratctl 011 (Taldc 
lrIII). Death occurred from mvocardial infarction in one patient and cirxwlation 
was not restored in 5 patients because of thc extensive nature of tlic occlnsirc 
process, in 4 because of atherosclerosis, ant1 in one hecause of oi*qanizctl 
thrombus. The peripheral circula- 
tion and symptoms of arterial insufficiency remained entially unchanged from 
those before the original operation in thc remaining pilticnts in ~vliom circula- 
tion was not restored. These patients harc  been followed since tlic second opera- 
tion for  periods up to  56 months, and success has been maintained in 50, includ- 
ing the first patient submitted to  reoperation (Figs. 16-17). A third operation 

Amputation was required in one of these. 
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has been performed successfully in 5 of the 8 patients who had late Eailure of 
the second operation; consequently, 55 of these patients (94 per cent) continue 
to hare noma1 peripheral circulation. 

DISCUSSION 

The results of this stud:- emphasize the usefulness of recoristi-uctive opera- 
tion in the treatment of patients with atherosclerotic occlusive disease of the 
lower extremities. Obstructing lesions of the distal aorta and iliac arteries are 
practical1:- always segmental with a patent distal arterial bed; consequently, 
lesions at  this level are always amenable to operation. By use of one of a variety 
of procedures depending upon the nature arid extent of the lesion, distal circula- 
tion can he snccessfallp improved in 96 per cent of the cases. Long-term follow- 
up, more than 6 years in some instanccs, indicates that  these good results persist 
indefinitely in most patients; recurrent diffiic.ultics have developed in only 6.2 
per cent of our cases. Particularly noteworth>- is thcl fact that circulation 
was successfully restored by reoperation in 33 of the  38 patients who had re- 
cuyrent difficulties aftel. the first operation. Thus, improvcnicrit in civculation 
has been inaintained to date, or until thc patient dietl, in !I6 per cent of our 
cases. 

Fig. 1i.-Illustrations of flrst patient reoperated on. A,  Arteriogram made af tcr  recur- 
rent occlusion showing obstruction of femoral artery. B ,  Recent arteriogram made 5 5  months 
a f t e r  second operation employing arterial  homograft. Irregularity of graf t  (arrow) was 
thought caused by deformity produced by suturing several segments of varying sizes to  form 
long graft ,  although ancurysm cannot be excludcd. 

Atherosclerotic occlusive lesions of the femoral and popliteal arteries, al- 
though frequently extensive, are se,mental with a sizable patent channel prox- 
imal and distal to the lesion in more than 60 per cent of the cases. By use of 
endarterectomy for discrete lesions limited to a short segment of artery or the 
bypass graft using a flexible knitted Dacron tube for more extensive lesions, a 
distal pulsatile blood flow can be restored imniedirttcly in 90 per cent arid 
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maintained in  75 per cent of the cases f o r  the duration of the follow-up cstend- 
ing more than 2 years in many instances. This immediate restoration of circula- 
tion results in  relief of symptoms in  all patients and, particularly, prevents 
amputation in patients with ischemic cutaneous lesions. Tliese objectives of 
therapy unfortunately cannot be obtainrd with any  other rnrtliod a t  present, 
and despite the fact that subsequent tlifficiiltics develop in a number of patielits 
with fcmoropopliteal occIusion, conservation of collateral channels by eiiiploying 
the bypass procedure has prc\ ented progression of symptorris in most, patients. 
I n  fact, in a considerable numbci~ of patients a significant dcgrce of impro\(i- 
iiient occurs after a temporary period of graf t  function. This Eratiii-c of t e m p -  
rary graft function assumes great importance in patients with indolent ciitaneons 
lesions precipitated by infection arid trauma. A brief period of' siqq)Icmciitcd 
arterial blood flow is frequently sufficient to pi.otlnce healing which p(li*sists after 
graft failure. hIoreorcr, in most patients with recnri*cmt diffificult>T thc lesion 
remairis seginental and amenable to reopcration. By pcrfoi*rnaiice of a sccotid 
operation, good peripheral circulation can he restored in  most instariws. 

The late failurc problem has heen distorted by the results obtained from 
earlier procedures and graft materi;ils that have snhscqucntly p i ~ ) v ~ t l  of limitc~tl 
value. ( 'onclusions based upon these obsei*vations alone would hc dist.oui*aging : 
h o w ( ~ c r ,  M ith increasing surgical espericncc and hi t ter  uiidei*stan~ling of tlio 
disease, both the immcdiatc and long-term fnnctional resnlts havc cwntiniictl to 
itnpro\ e. Review of our own experience indicates that most late fa i lulw W(W 

due to technical surgical factors. Tcclinical mishaps, use of graf t  iiintvrials of' 
limited fmicatiori and application, and disregard for certain manifestations of the 

I' i*o~rt~s-  
sion or iwurrence of the nndcrlying disease was rarelj- the printary (aaiist) o t 
failure. This a i la lpis  of the problem, suggesting that  most failures  ai^ prevent- 
able. offcrs the opportunity to improve the results of rcconstiuctivc operation hy 
improvenients in surgical technique, better graft replacements, improved rnethotls 
of arterial visualization, and more thorongh understanding of thc 

Finall-, responsibility must lie assuriied for the many patients in  whom rc- 
constructive operat,ion has already been employed. As previously indicated, a 
variety of complications do occur which occasionally may pose a threat to both 
the patient's life or extremities. Fortunately, these complications  ai^ rare, lnit 
:I tl(Ifc>:itisl attitntlc niay bc easily assiunicd in cases involving such ('01npIici1- 
tions. I Io~vovcr ,  as this study has shown, by aggressive actioii a sncccssful result 
may lie obtained in most instances. For example, aortoduodenal fistula must 1ic 
suspected in every patient with upper gastrointestinal bleeding after abdominal 
aortic graft  operation. Iininediatc operation is indicated because the diagnosis 
cannot be established and proper treatment instituted by any other nicthod. 
Likewise, imrnetliste reoperation is indicated in patients whose symptoms o f  
arterial insufficiency are worse after graft closure, particularly i f  loss of the 
extremity is threatened. As previously indicated this situation usually result\ 
from obliteration of the distal central channcls by a thrombus which has e l -  
tended from obstruction in  the graft o r  more proxjinal discase. This thrombus 
can be removed whcn operation is performed soon after graft closure, and i i  

nornial pulsatile blood flow restored b57 insertion of a new graft. 

Zlirrihrr I 

caused most complications that resulted in failure. 
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Allliouqh a high degree of c,uccess mag be ohtainccl initial1)- in patients 
liaririg reconstructi\ e operations f o r  atherosclerotic oec.1~ e lesions of tlie aorta 
and tlic iliac, f(mora1, ;tiid popliteal arteries, contiiiuctl obsci-vation i2cvcal\ :I 
$gnificarit nurnbcr of recurrent difficulties. study was inadc of this pro1)lenl 
in the treatnicnt of 1,225 paticmts in order to  eraluatc this form of tllcl.apJ-, to 
disco\ er  possihlt: cansatire factors that  might be eliininatcd o r  iiiininiiml 1)) iiii- 

provcmcnts in technique, and to e ~ a l u a t e  the methocis of ti-catnicnt of patic>nl\ 
with rccnrrent occlusion. 

By inearis of a Tariety of procedures adapted to tlic nature ;ind c\tenl ol’ 
the ocrlnsire process, peripheral pulsatile circulation was initially restorecl iii 
$16 per cent of the 638 patients trcuted surgicallJ- for lesions of tlie noi>ta ant1 
iliac arteries. Some of tlicsc patients were followed fo r  pei.iods longc1. tllm 6 
yars.  Thir tyeight  patients (6.2 per cent) had recnriwit difficulties ~~esiiltiiiq 
f rom ancnrysnial dilatation of the graft, false anriirgsm, aortodnoclcwrl fistula, 
or  recurrent obstiiiction. These complications arc prerentahlc wi th  pi*csciil 
liriowlcdge o f  treatment of lesions in  this location. I’i~rti(~1~l:~rl>- noten orthg is 
the fact that circulation was successfully restored in 33 of thr 38 1)atioiits \\.]LO 
had a second reconstructive operation. 

Pcriphcral pulsatile circulation was restored in  88 pel* cciit of the ,587 ])a- 
tieiits on  whoin rcconsti-ncti\ e operations were performed €or owlusion of tlic 
femoral arid popliteal arteries. The best results (91 per cent) w ~ r e  ohtainrd 
with tlie bypass procedure aritl a flexible, knitted Dacron graft. This procedure 
was used in  inorc than 50 per cent of thc cascs. Thc poorest results wwe 01)-  
taincd in the sinal1 nmnloer of patients treatcd early in  our  espericncc hg 
endarterectomy or excision and graf t  replacement. Late failure oceurrct1 in 
109 patients ( 2 1  per cent) and varied with the type OS procedure and graft u- 
placement cmplo?-ed. Failure occurred in  most patients who had exci5iori and 
graft replacement. Long-term functional results of the flexible, knitted Dacron 
tube inserted a s  a bypass graft were superior to those in  which ljraiclcd iiyloii 
o r  honiografts were used. Most of these failures resulted from prel entable corii- 
plications, and circulation was restored in 58 of 64 of these patients (91 per 
cent) by reoperation. This study indicates that  the immediate and long-tcrni 
functional results of operation map be significantlp improved by increasing 
surgical experience, better understanding of the undci-lying disease, iinprorccl 
methods of arterial visualization, and better graft niaterial. ,2lso aggrcssi~-c 
treatnient of late failures is usually successful. 
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DB. SHEPHERD (Boston, llass.).-I would l ike to  stress the irn~iort:~nce o f  long- 
term follow-up in  tracing tho progress of these patients postoperatively. 

We have operated on a group of 40 patients with aortic oerlusioii over :I pr in t1  o f  
greater t11;ni 15 ~ ~ i o ~ i t l i s .  The 40 patients are rlivitletl in to  two groups:  14  h a i l  :I. throrn1)o- 
endarterectom>- and 26 were treated 11,v insert,iou of grafts,  usnally bypass g:tfts. f . k  
clutliiig the  9 deatlis o r  closures in  the  hospital (one  of wh ich  I a. p t i r n t  lost to f o l l o w  
up), there were 31 patients availalile fo r  followu1i. The lorig-term patency ra te  is  64.5 
per cent in the whole seriesJ not as high a Iwrpeiitage as has been reportoil by inan?- o t h r r  
gr0UI)s. 

The tliroiiiboendarterectomies were performed cliiefl?- in the high localizecl occlusions. 
Tlic grafts were used in tlie more extensive occlusions, and we fccl tha t  this accouuts for 
thc differmce i n  results between the two types of surgery. 

One of the  major fac tors  which 1)r. Kc?- inent.ioncd, antl we also feel is very i rrr-  
llortant in the incidence of closure, is the appearance of lower occlusion in the femoral 
arteries bclow the  aortoiliac level. :In this series, we have treated 11 patients by long 
grafting; these g ra f t s  a r e  carried f rom tlie aorta o r  iliac artery down to  the  loiv fernor:il 
or popliteal artery (this is a bypass procctlure). 
result, mid they are all pyrnptoniless. 

T m l v e  other patients v h o  had evidence of fcnioral disease were not  treated in this 
\\-a!-, a n d  the  results in this par t  of the series wei r  not so good in  t h a t  :L r i n ~ n h c r  of then1 
had resitliial symptoms a n d  the  incidence of closure TBS triiich greater. The  9 i#losiircs in 
this group all had sonic eridcnce of fe~l iora l  itiscase. 

.[ii 1i:~tierits with occlusions with it Iiigli aortoiliac level, antl also a low femora l  
Iiolilitcal Irrrl. opera t i r r  tri.atriic~it : t l o~~e  is not lilcoly to prod~iee good resnlti., and  early 
c.losiire r i f  the reconstruction i s  likely. 111 these cases, it  is possihlc tha t  the  procetlure of‘ 
clioicc is  n. long bypass g ra f t  carried from tlie aorta or  ~ o i n r i i ~ i i  iliac past hoth occlusiotis 
r1oTr-n to tho poliliteal artcrj-. 

J )R. EX)IVAkRI) J. WYLIE (San Francisco, Calif. 1 .--TVe share Dr. Cra~fo rd ’ s  intrrrsi 
i n  tlctrriiiiiiitig the  ~ I I I I S C  of failure following arterial  reconstruction. Fo r  this purpose Ire 
rccentl!. revien-ed our  series o f  23CI patients who had  undergone tliroin1Joentl:trterectomy for. 
\\-hat \\-CW tliouglit tu he purely segmental occlusive lesions at the  aor ta -c‘o~i i~ i i i~r~  iliac 
l e \ - t~ l .  Over  a !)-year perio(1 there were 7 instances i l l  which reocclnsion occurred i n  tllc 
eiidartcrectoiiiized Pegmerit. All tliese Irsions were  re-exrdored. Reclirrence of frarilc 
a t l r e ro~c le lo~ i s  i t i  the ciiliarterect[iiiiizeti vesscl was ob Til  tlie othpr 
5, atlieromxtoiis orclnsion hai l  developed distal t o  the lov\.er level of entlarterectorrly. Suli- 
seqiient ~)ri)xiiiial p r o p g a t i o n  of ititral~~iiiin:tl thromlmsis rtlsiil t r d  in occlosiorr of t h e  
~ i re \ - io i~s ly  e~idartr~rrc.toniized st~gnicnt. 

‘l’liis preopemtive aortograni  ~1ion-s \\.Ira1 appears a t  iirst glance i o  1 1 ~ 2  :III 

i nc r~ i i i1~ le t (~ l~~  oceliiaive lesion in the proxiiii::l 011e-t.hirt1 of tlit! right co~tiiiion iliac: : i r t n>  . 
~~r i~ i : i r t e r r c to i i i ! -  was c.onTiiier1 to  the iiivulverl scgincbnt, leaving bchinti the sIigIliI? 
tliic~1,tiirrt iiitirii:i \vliirlr Pati  bc seen a t  the  coinrtiou iliac bifurcation. ‘1’u.o y~>:irs i:lter. 
iiitiiiial tliirliriiiiig :it tlie 1011 e r  level 1i:tiI progrt’sstxtl I o  conipletc. occlnsion a n t i  reqiiirerl 
Iropcrat  i o i i .  

Nine of tliese p:iticnts hac1 a su 

erl in only 2 CaSpR. 

1 Slidi?.‘i 
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(Slide.) This aortogram shows segmental occlusion of the  r igh t  eoriin~oti iliac artery. 
Operation m-as limited t o  this segment. We were reluctant t o  extend the  operation t o  t h e  
opposite side, since only a rnininial lesion could be palpated in the  proximal left  external 
iliac artery.  The lesion was a narrow tongue of atheroma on the posterior wall, a common 
lesion rarely risible by aortography. XYithin 4 years, the tongue had  progressed to  the 
extent t h a t  it caused coniplete le f t  external iliac occlusion. 

As a result of these and similar experiences in 3 other cases, me have concluded tha t  
long-term arterial patency following aortoiliac tlirornbocndartercc,tomy can I)e assured only 1)y 
removal of all zones of thickened intima adjacent to  occlusive lesions. 

These two slides indicate the  ra te  of growth of an  atheromatous deposit in 
one pat,ient during a 2-gear period. This man originalIy itriderwent successful popliteal 
throriihoeriilarterectorny fo r  the  3 em. lesion shown on tlie aortogram. An asymptomatic 
lesion in  the  le f t  co~ninoii iliac artery,  with an  approxinlately 20 per cent narro\ring of the  
arterial  lumen, was shown on  the same study. Two years la t r r ,  aortography showed t h a t  
the iliac, constriction had progressed to almost complete occlusion, resnlting in c1:iutliration 
of the le f t  thigh and  a~ealrenitig of the  left cnrninon femoral pnlse. 

1)r. (:rawford's approach t o  tlie investigation of  late failures, incliiiling re1w:itctl 
arteriographv and re-exploration, is particularly vital  if  we are to  remedy tlie cause': of 
failure. 

(Slides.) 

DR. ROBERT R. TAINTON (Lirooldine, Rlass.).-I have 11eeri iuterested i n  t h e  sitl)ject 
of  arterial  reconstrnctive surgery by the  iitilization of various types of g r a f t s  f o r  a 
number of years. 1 mas soiriewhat surprised to find tha t  from the report foni Toronto,  we 
only  heard of one autogenous vein g ra f t  that was itsed, despite tlic work  done b y  1)r. 
Gorilon Rlurray m:rny years ago on the snecess of various tJ-pes of autogeniJns venoiis 
grafts. 

There still  seems to  be a need f o r  the ideal graft ,  and I wniilcl like t o  cwiiiplement 
what Ur. Lord has already said, namely, tha t  the saphenous \-ein i s  the best g ra f t  tha t  we 
now have available f o r  occlusive disease in  the lower extretiiitj-. I would liltc t o  docnnii~nt 
this fo r  you with a few colored slides aud :irteriogranis i n  a man in  his ear l>-  50's with 
:L block in his superficial fernoral artery.  In 1956, I iinplanteil an arterial homograft f r o m  
the coni~rion femoral a r te ry  down to his popliteal arterJ-. (Slide) .\nenr,vamxl dilatation 
of the  homograft tieveloped, :IS you see in this slitlr, wh ich  taken 2 >-c'ars af ter  the 
graf t ing  procediire. 

Because I did not have sufficient homograft at tha t  time, I hati t o  nse a h t l l a l l  piere 
of saphenous vein au tograf t  t o  make the  bypass g ra f t  sufficiently long. This was im-  
planted at the  distal end. The slide shows a distal anastomosis between the Iiornograft 
here and  the saphenous vein antograft ,  and  also the  popliteal a r te ry  ivhrre it was i n -  
planted. You will notice tha t  the  saphenous vein looks allout the  same size :IS tile day .I 
put it in. 

One year later, the  proximal pa r t  of the  homograft had liecome anenr~~snia l  
in th i s  short period of time. This is one of the  grea t  difficnlties and faults I have fonnil 
with homografts and  the  reason I hesitate to  use them any more fo r  femoral graft.<. I f  you 
will remember m-hat this homograft looked like one year before and conipare it wi tli this 
picture, you will see what  treinen~lons tlegenerative changes have taken  place in the  last 
13 months of the  t,liird year in which the  g ra f t  had been functioning. 

When I took out  tho  aneurysmal, dilated hotnograft a t  the se i~oi i~ l  opei'at ion, 
I inserted another piece of saphenous vein autograft  arid here is the original sa1jhenous 
vein which had been functioning fo r  3 years, and the one which I Iiml piit iii p tie year 
previously. Neither has dilated-both loolr exact]>- the same size as the ilay the?- were 
implanted. 

This shows the aneurysmal dilatation of tlic honiograft, an11 T wonlcl like to 
again demonstrate t he  utilization of autogenous tissue in  this c a w ,  not  o n l , ~  I )>-  the use 
of autogenous venoua grafts,  bu t  also hy means of endarterectomy popnlarize(1 I)>- Drs. 
Cannon and Wylie. It was possible, a f t e r  enilarterectornizing the i~oniinon fenloral ; t r l , l  

(Slide.) 

(Slide.) 

(Slide.) 



sul i t~ t+ i i . i : i l  f ~ ~ n i o t x 1  :irtvi,ivs, tc) :in:rstoniosi, t l i i .  pvoxirrial vi111 o f  tlii, s:ipli(wouh v ( b i t i  gr:ifts, 
which I had already implanted and v-ere in  plncc, t o  the distal end of the  endartereetoiiiized 
superficial femoral a r te ry  with complete restoration of circulation of the cxtreliiity, :md 
leaving the  patient now with entirely autogenous tissue. Jn erery instance, if you can 
use autogenous t,issue either by utilization of saphenous auiogr:tft or enc~:u.terectoinizinff 
the  femoral artery,  these are the prcfera1,le provedrires, anit in!- first choice is  the former. 

11H. .TOSEPH A I .  .TAKER (Rochester, Xinn.).-I alii uot f r o m  Totollto, but I n-odd 
like to collie to  the defense of l’oronto. I n  the early 19.30’s, Dr. Gordon Alurr:Ly, a senior 
meriiber of this organization, 1% as inserting autogenous vein grafts fo r  popliteal aneiirysnis. 

UR. OSCAR CKEECR, J R .  (New Orle:ius, La.).-\Ve spend :L gw:rt (leal of t,irne 
talking about rimon’ area, an(1 perhaps i t  is  the  riiitin ivh ic l i  is  of equal if not  more iin- 
portanre. I think .JaCli \\-ylie has also etiipha t. \\.e have 11acl a 
numher of patients with conipletc occlusion of t l  teni i n  \ ihoni  it  IIIIS 

irnpossilile to  establish good rntioff area in t h e  terior m c l  posterior 
tibials were open, but, by opening tlie superficial femoral niid popliteal arteries down to the 
bifurcation,  TI^ Tverc xhle t o  niaint:iiti :L go:)d flolx- to t ha t  : i r ~ a ,  through coll:iter:ils coiitirig 
off laterally from t h e  superficial fcnioral. 

g m f t s  tha t  I)ecame occlutlwi \ v v  Ii:rvc used 
tliroiril~oerttl;irterectomies i n  sever:rl instari(~os :in11 l tavc oli tnincvl a S I I C C (  

of I1lood flm-. 
(Slide.) This is an  esaniple of a Iiyp ’ gra f t  in :t Iiatient who 1i:iil siiperlicial 

femoral obstruction which subseiluently l i w a r r i  This fiat ient 1i ; i t l  iritloiv occlnsion 
as well :is outflow occliision. ] \ e  pc~rforrtird a tlirornliiieni1:ti ectotrty both :tliove ant1 

pulses ant1 relieve syniptonis. This has I w i ~ n  tloiie i t t  se\-eral instarices :ti i t1 w e i i i s  to l i t ?  a 
satisfactor?. approacli to  t h e  prolileni of :raft failures. 

I n  patients n-ho ha \ - e  had femoral l iyp 

cclntltxl. 

I ) K .  . IEKP: \\’. 120Kl), .IR. (NIV Yorl;, N. Y .  ).-I \ \ou l ( l  l i l i i .  to ~ l tw i~ i lw  on(’ l ) : i t i i x t t t  
iiii iiitiivii1u:rl of 35 ~ v h o  prwviitoil with 

1\11 aorta- 
m-ith olxtrnction from a different c:iuse. He 

tlie toes  of one foot  and rnarliedly diuiinislietl cirix1:Ltion for 4 iiio~itlts. 
) rir:iile in Jaiiuai,y, l $ ) S i ,  slio~vs stenosis at tlici origin of t  

s witli tliromliotic narrowing o f  the  ilistal aorta. He !vas 
end:irterectomy as 111.. XTylie oittlineil and taught me. His  piilses wen> t~xi.(~ll t~nt,  his 
gangrene dcmarcateil, and his toes were saved. Oscilloriietries T\ etit f r o m  iiciir 0 to  artrutid 
10 i n  each leg. 

He (lid ver?- \vel1 fo r  (i itioiiths. ‘l’!ie~i, ra ther  abrup:ly I I O  tlcvrlolicd i~lautliration 
again. 111 Octol~er,  1957, some S riiontlis af ter  the first operntion ani1 a f t e r  (i Inonths xvith 
good results, he n-as explored. J t \vas nriticipnted that cit1ic.r disease had Iieen overloolced, 
ivhich I did n o t  th ink  likely, or inore pmliably tha t  lie had neiv riosclerotic oreliisivc 
disease. The nortograni (lone lxfore  tlie secotiil opcmtion siigge. arteriosc*lcrotic n a r -  
ron ing  in the tc~rniinal :iorta a t  the  hegitinitig of the coiiirnoii  iliac. At operatioii wc 
found what I believe t o  lje a lilirotLv 1:erinrterial sclucezirig of tlie (~o i i t n ion  i1i:rc artctries 
and of the terniinal aorta. Fear of caus ing  :t dangerous heniorr1i:ige frott i  the inferior 
vena c a n  and iliac veins made itre decide t o  divide the  aorta nljove and thc. coninion 
iliacs beyond the point of narrowing. TVe opened the obstruction arid found a perfectly 
sniootli intiitin v i thou t  any sign of throiiiliosis o r  a117 sign of tlie intimal placiliiirtg. I lie- 
lieve, therefore, t ha t  lie hac1 periarterial fibrosis, although following his first operat ion he 
had a perfectly I)enign clinical course. This time we inserletl end-to-end a l h c r o n  pros- 
thesis, one of 1)rs. Ju l ian  and Ikterling’s material, a prodiict of the  Ethicon Coriipan?, with 
en&to-end aor ta  above and end- to~end  coninion iliacs below. 

R e  did well fo r  10 months, had escctllrnt pulsations on l i~n i t cd  w:illring distance, 
and  then began to  show signs of s!iutting off. 

Because this was a s turdy  young irian and because of his reirinrltal~le fa i th  i n  his 
professional care in spite of two surgiral onslaughts, last  Decemljer, (i months ago, he 
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unilerwent :L third operation, and this tiirie T had the  opportunity to  use one of I)r .  I ) c  
Enkey’s eriiiipcd I):icron prostheses, and lie had ag:rin a11 cud-to-ontl :Ll)oTts, entl-to-ixlltl 
1,clow on the right of the  e o ~ ~ ~ i ~ i o r i  iliac, aiid end-to-sitlo to  the  external iliac. o n  t h e  lcft.  

but he lras still  n o t  gone the c r i t i cd  year, and I aril hoping that  Jlr. De Hakey’s iii:~terinl 
w i l l  l)e more satisfactory than  t h a t  previously osed. 

110 \\-its in the oEcc  on Fritlny, n o i v  liss cscellcnt puI$atioiis, e 

UIL l<KY (closing).-l)r. Linton will be glad to know tha t  \\e a r e  iisiiig soiiic 
autogenous vein graf t s  iiow, and I \vas very glad t,liat 7)r.  Janes paitl a tribute t u  Dr. 
l lurray of Toronoto. I no\v  untlerstantl that  lie lias some patielits tha t  lie has follokved f o r  
as long as 1s to  3 J  years a f te r  tho use of r e in  grafts. 

The paper was not in any n t y  it11 a t tempt  to coiiilmre the 3ie\v(31‘ materials to the 
older. The idea was, as I said, 
t o  girr  l i s  :i yanlstick for fiitiiw c o i n l i a r i s o n  of’ siic.li 1iiateri:iIs. 

Ti1 tlic long-term resiilts with these grafts, \ye are goilrg to h v c  inevital)le failure 
either of the g ra f t  o r  the  patient’s heart. 1)r. Spairlding in a review of pxtirnts fro111 the 
o n w t  of el:rniiication iiotecl i n  the age group 55 to  65, tlicrc was a 1 per cent niort:rlity in 
J O  years. It .r\onltl seem, thcrefore, perhaps in soirie of thcse patients, we :ire not  on1:- 
restoring the  l ife of the liinh, bu t  xve appear to be iiicreasiiig tlie longevity of tlie patient. 

TVe do n o t  use n - l o n  no\$- aiid m-e m e  very f ew hoiiiogrirfts. 


